The research objectives were: 1) to determine healthy young ash supply with nutrients and their concentrations in natural growth conditions; 2) to estimate nutrient balance and inter-correlations within a system "soil-plants" ; and 3) 
INTRODUCTION
Currently, European or common ash (Fraxinus excelsior L.) is the most common broad-leaved tree species in Latvia. According to the State Forest Service data, the total area of F. excelsior stands was 13 011 ha or 0.4% from the total forest area and 52% of the broad-leaved forest area in 2015. During recent years, especially at the turn of 20 th and 21 st centuries, a rapid dieback of Fraxinus excelsior forests, especially young stands, occurred due to impact of the pathogen Hymenoscyphus fraxineus, previously called Chalara fraxinea or Hymenoscyphus pseudoalbidus, in Latvia (Kçnigsvalde et al., 2010; Èekstere et al., 2013) . This fungus is considered as the main reason for destruction of F. excelsior stands not only in Latvia, but throughout Europe (Kowalski, 2006; Jankovsky and Holdenrieder, 2009; Rytkönen et al., 2011; Keßler et al., 2012; Pautasso et al., 2013; Pliûra et al., 2011; Gross, 2014) .
Currently, the dieback intensity of ash stands has decreased in Latvia; however, young stands are the most sensitive against environmental stress, and a stand can be lost even within one growing season of symptoms becoming visible (Laiviòð et al., 2016) . Old or mature trees appear to be capable to withstand the disease for a relatively long time, but tend to succumb eventually after several seasons of infection (Keßler et al., 2012, Kirisits and Freinschlag, 2012) .
Sufficient supply with nutrients promotes not only productivity of tree growth, but also tree tolerance to different diseases and stress conditions. Several scientists have specially noted the importance of copper, zinc, boron, calcium etc. (Bergmann, 1988; Marschner, 1995) . A relevant factor for favourable tree growth is also soil reaction (Craul, 1999; Mandre et al., 2012) . Young trees require supply with plant nutrients in forest stands with various plant species and clearings in eutrophic soils. Chemical analysis of soil and plant leaves are common diagnostic methods used to evaluate plant supply with nutrients. Such studies can determine precise amounts of nutrients available for plant uptake by roots from soil, deficiency or abundancy, and synergism and antagonism of chemical elements in a system "soil-plant" (Osvalde, 2011) .
A wide range of optimal and average concentrations of nutrients in Fraxinus sp. leaves has been reported previously (Bergmann, 1988; Hofmeister et al., 2004; Hagen-Thorn et al., 2005; Aksoy and Demirezen, 2006; Cekstere et al., 2013; Veretennikov, 2006) . There can be differences in nutrient accumulation between plant species growing in the PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 70 (2016 ), No. 3 (702), pp. 138-149. DOI: 10.1515 /prolas-2016 MINERAL NUTRITION OF YOUNG ASH IN LATVIA Gunta Èekstere 1# , Anita Osvalde 1 , and Mâris Laiviòð same soils, as well as differences due to regional variations, sampling time, pollution etc. (Mertens et al., 2007) . The results of soil studies are often also difficult to compare due to differences in soil extraction methods. Nutrient supply in young F. excelsior stands estimated by soil and plant chemical analysis has not been investigated sufficiently, especially in Latvia.
In Latvia, analysis of plant chemical composition has been used mainly to determine nutrient status of crop species and to develop optimal levels for nutrient concentrations in soil and plant leaves (Rinkis and Nollendorfs, 1982; Riòíis and Ramane, 1989; Rinkis et al., 1989; Osvalde and Karlsons, 2010; Osvalde et al., 2015, etc.) , but less attention has been paid to optimize tree growth demands in forestry. The first data on some macro-and micronutrient concentrations in wood and leaves/needles for the most common forest tree species (pine, spruce, birch, asp, oak, ash tree, grey alder, and black alder) in Latvia were published in the middle of the 20 th century (Bambergs and Knâviòa, 1950) . Recently, mineral nutrient concentrations in biomass components (leaves, wood unbarked, roots) of young birch stands in different forest growing conditions and soil types were determined (Daugaviete et al., 2015) . Chemical composition of spruce needles (N, P, K, Ca, Mn concentration) was also used to determine the effect of drainage ditch on edaphic conditions in mires (Janðevska, 1975) . Experiments with different fertilization treatments has shown a positive effect on concentrations of N, P, and K in needles of 13-year-old pine trees in the second year after treatment (Kâposts et al., 1979) . Several studies including fertilization experiments have been conducted to evaluate growing conditions and supply with nutrients in relationship with spruce dieback and development of ectomycorrhizal fungi in mature managed forest stands and young plantations on drained peatland areas (Kïaviòa, 2015; Nollendorfs, unpublished) .
In 2011-2012, a pilot study on mineral nutrition of young ash trees, both healthy and infected with pathogen Hymenoscyphus fraxinea, were carried out in a few sites in Latvia. Generally, the preliminary results revealed significant lower concentrations of N, Ca, Mg, and Cu in damaged tree leaves when compared with healthy leaves, as well as a slight tendency to accumulate lower concentrations of K, S, Mn, and Zn in the damaged tree leaves (Èekstere et al., 2013) . Although the results of the pilot study demonstrated several problems in mineral nutrition of F. excelsior, it also raised various questions. Why are young ash saplings in many sites still green with high vitality and not infected by the fungus? Which soil group has better ability to provide ash with nutrients? Further research is also necessary to increase understanding of the nutrient status of healthy ash, mainly to recognize possible imbalances and to determine measures to improve tree nutrition and vitality, especially under pressure of Hymenoscyphus fraxinea infection. In the present study on mineral nutrition conditions for young ash trees in Latvia, several objectives were defined: 1) to determine healthy young ash supply with nutrients and their concentrations in natural growth conditions; 2) to estimate nutrient balance and inter-correlations within a system "soil-plants"; and 3) to determine the potential effect of environmental conditions (forest type, plant phytosociological group, soil group, etc.) on nutrient accumulation in soil and leaves of young ash.
MATERIALS AND METHODS
Study sites. The study was conducted in 28 sites located in different areas of Latvia (Fig. 1 , Table 1 ). Soil and leaf samples were collected from the sites, which were placed in four forest types according to Buðs (1981) Laboratory analysis. The chemical analysis of soil and F. excelsior leaf samples was conducted at the Institute of Biology of the University of Latvia. The soil samples were dried at room temperature and sieved with a < 2 mm mesh. The soil samples were extracted with 1 M HCl extraction in a soil-extractant mixture of 1:5. This extractant is universal and quite aggressive, and thereby characterizes not only the amount of nutrient currently available for the plant uptake from the soil, but also indicates the reserve amount of elements for the remaining vegetation season (Osvalde, 1996) . Tree leaves were quickly washed with distilled water, dried at +60 o C and ground. Plant samples were dry-ashed in concentrated HNO 3 vapors and re-dissolved in 3% HCl for K, P, Ca, Mg, Fe, Cu, Zn, Mn, and Mo determination.
The concentrations of Ca, Mg, Fe, Cu, Zn, and Mn in soil and leaves were determined by atomic absorption spectrophotometer (Perkin Elmer AAnalyst 700) in a acetylene-air flame. The concentrations of P, Mo, N, S and B were determined by colorimetry with a spectrophotometer JENWAY 6300 (Barloworld Scientific Ltd., Gransmore Green Felstad, Dunmow, Essex, UK): P by ammonium molybdate in an acid-reduced medium, Mo by thiocyanate in reduced acid medium, N by Nesler's reagent in an alkaline medium (modified Kjeldal method), B by hinalizarine in sulfuric acid medium, and S by turbidimetric method with BaCl 2 addition. Soil pH was measured in 1 M KCl extraction (soil-extractant mixture 1:2.5). The concentration of organic matter in the soils was determined according to Tjurin (Rinkis et al., 1987) . Analytical replication was three times.
Statistical analysis.
The statistical analysis of the research results was conducted using Statistica and PC-ORD software for multivariate analysis of ecological data, as well as RStudio. Standard errors (SE) of means were calculated. The correlation coefficients (Pearson) were calculated (p < 0.05, significant if r > 0.374). ANOVA was used to determine significant differences of chemical element concentrations between research sites. To assess relationships between the chemical composition of soil and leaves, principal component analysis (PCA) was conducted using PC-ORD Version 6 (McCune and Mefford, 1999) . To determine potential effect of environmental conditions (forest type, dominant tree species, forest age, and soil texture) on nutrient accumulation in ash soil and leaves, ANOVA with a post hoc test (Tukey HSD) was conducted using Statistica. For comparison, average and optimal element concentrations are given in histograms for ash leaves (Bergmann, 1988; Nollendorfs, unpublished) deciduous tree soil (Nollendorfs, unpublished) using 1 M HCl extractions.
RESULTS

Soil.
The average concentrations of nutrients and their frequency distributions in ash soil are given in Table 2 and Figure 2 . The lowest variability of concentration variance was found for Mo and K, and the highest for Ca and Mg.
The maximum soil pH value was almost two times higher than the minimum. The average Ca:Mg ratio in soil was 6.39±0.69:1 with range from 0.77 to 14.17:1. To identify associations or clusters of chemical elements in soil and leaves, correlations between element concentrations were calculated. Generally, 41.76% of the calculated correlation coefficients in ash soil were statistically significant (p < 0.05); one of them (P-Mg) was negative ( Fig. 3A-B ). The majority of micronutrients, as well as N, P, S had 3-7 medium close and close correlations. An association between soil pH, Ca and Mg content was also found. ANOVA showed that the soil group and forest type had the strongest effect on soil chemical composition, while the phyto- (Table 3) . Humus soils had significant higher level of Mn, Zn, and Mo compared with mineral and mineral/humus soils (Table 4) , while soils from Oxalidosa forest type had the lowest content of N and Cu, and Dryopteriosa and Mercurialiosa mel. had almost two-three times higher content of N, compared with soils from other forest types (Table 5) . PCA of soil chemical composition showed relatively good structure of the sampling sites in the ordination space with separation of soil group (Fig. 4A ) and forest type (Fig. 4B) Leaves. The nutrient concentrations in ash leaves are reported in Table 6 and Figure 5 . The results showed that the lowest variability of nutrient concentrations was for B and Zn, and the highest for Mn and Mo. In contrast with the results for soil, only 10.61% of the correlation coefficients between the chemical elements were statistically significant ( Fig. 3C-D) . The most significant correlations were between Ca and Mg (positive) and N-Mo (negative). For the system "soil-plants", 12.12% of the correlation coefficients were statistically significant; half of them were negative ( Fig.  3E-F) . The statistical analysis showed that the concentrations of several nutrients in ash leaves was significantly related with forest type and phytosociological tree group, while forest age and soil group did not have a significant effect (Table 7) . Ash leaves from the Oxalidosa forest type had a significantly higher level of P, and the Aegopodiosa had higher S and Cu concentrations, compare with the other forest types (Table 8) . Ash leaves collected in the dry-broad leaved forests had the highest mean level of Mo, in conifers and dry-broad leaved forests -Zn, and generally lower level of Mg was found in the wet-broad leaved forests, in comparison with the other phytosociological tree groups ( ance (Fig. 6) . The most important factors in the PCA were Ca, Mg, K, Mo, and B with eigenvector values ranging from 0.633 (Mg) to 0.729 (B). However, each forest type and phytosociological tree group showed relatively wide variance of chemical composition. For example, most leaf samples from the Aegopodiosa forests were mainly located on the left side in the ordination space in the direction of nutrient vectors, while some occurred on the opposite side. Chemical composition was most similar between ash leaf samples from Oxalidosa and Mercurialiosa mel. stands (Fig.  6A) . The most pronounced differences in leaf chemical composition occurred between ash leaves collected in the dry broad-leaved forests (Quercus robur, Tilia cordata, Acer platanoides, Ulmus glabra) and the wet broad-leaved forests (Fraxinus excelsior, Alnus glutinosa, Alnus incana) (Fig. 6B ), indicating that young ash trees in the dry broad-leaved forests had higher concentrations of nutrients in leaves compared with the other phytosociology groups of forests.
DISCUSSION
Soil. Ash is mesophilic and has relatively high requirement for nutrients (Diekmann, 1996; Pliûra and Heuertz, 2003, Kerr and Cahalan, 2004; Fraxigen, 2005; Dobrowolska et al., 2011) ; however, it is also found in a vast range of growing conditions from nutrient rich to poorer soils (Pautasso et al., 2013) . Although the analysed ash soils on average can be characterised as sufficient or almost sufficient with most nutrients, the results presented in the histograms show that 30-40% of the studied soil sites might have a low level or deficiency in one or more elements, mainly N, P, Ca, Fe, or B. The mean results on micronutrient content were in good agreement with previous research on nutrient status of young ash stand (Cekstere et al., 2013) , while macronutrient (N, P, K) concentrations obtained in this study were lower compared with the previous results on concentrations of these elements in healthy and damaged ash tree soil in Latvia. The wide range of soil pH value revealed that healthy young ash in Latvia grew both in soil with acid and neutral/slightly alkaline reaction. However, the majority of sites had adequate soil pH for ash growth. Ash generally grows well on soils with a pH above 5-6 (Zollner and Kölling 1994; Pliûra and Heuertz, 2003) or prefers neutral soils ( Dobrowolska et al., 2011) . Thus, the low pH level in several sites could negatively affect ash growth in the future. Previous research on ash stands in Latvia showed lower soil reaction for damaged or infected trees with fungus Hymenoscyphus fraxinea, compared with the background level in soil below undamaged trees. Notably, the observed mean soil reaction for soil around damaged trees (5.23 ± 0.73 pH/KCl) was close to the lowest value suitable for F. excelsior (Cekstere et al., 2013) . Perhaps, soil reaction might limit mature ash tree growth and mineral nutrition in the future. A study in Switzerland demonstrated no distribution limit of regenerating ash with soil acidity, but the growth potential was limited for mature ash (Walthert et al., 2013 ).
An important factor affecting plant mineral nutrition is element concentration ratios, particularly the Ca and Mg ratio in soil. The most optimal Ca:Mg ratio in soils using 1 M HCl extract for plant nutrition is 5-8:1 (Rinkis and Nollendorfs, 1982) . The average Ca:Mg ratio in the ash soil in Latvia corresponded to the suitable range, but had a large range and in some cases was not favourable for Ca and Mg uptake from the soil, due to differences in soil texture and parent material. Soils in Latvia have developed on different parent or geological material (Kasparinskis, 2012) . Soils on dolomites usually have a very low Ca:Mg ratio, e.g., site #28 Ca:Mg=1.30, but on limestone -very high, e.g., site #10 Ca:Mg = 14.70. Also sites #26 and 27 had shallow dolomite deposits or parent material, which resulted in higher concentrations of Ca and Mg in the soil and pH. There are reports that ash can grow and dominate also on relatively dry calcareous sites in central Europe and at the northern limit of its natural distribution (Wardle, 1959; Ellenberg, 1996) as in Latvia, probably due to lack of competition from other species (Dobrowolska et al., 2011) .
The observed associations between the chemical parameters in the soils might be related with soil texture, parent material, geological deposits, accumulation of organic matter, etc. Similar observations on the relationship of soil texture and parent material with concentration of chemical elements have been found in previous studies on forest soils in Latvia (Gilucis, 2007; Bârdule et al., 2009; Kasparinskis, 2012; Kasparinskis and Nikodemus, 2012; Laiviòð et al., 2014; etc.) , as well as in Europe (Vanmechelen et al., 1997 , Holzwarth et al., 2011 .
Mineral soils with young ash had significantly lower level of plant available N, S, Fe, and B compared with other soil groups, mainly due to lower content of organic matter. The organic matter concentrated in the topsoil can be considered as the main reservoir for plant available N, P, S, B and other nutrients (Marschner, 1995) . Differences between the soils from various forest types found in our study were mainly related with content of N, Cu, and B. Such differences could be caused not only by soil physical and chemical characteristics, but also depend on the effect of different tree species. Tree species can affect soil chemical properties, especially topsoil, via features of leaf/needle litterfall, interception of atmospheric depositions by the crown, variation in the amount and distribution of throughfall, as well as by the ability of various tree species to uptake and redistribute nutrients (Binkley and Valentine, 1991; Neirynck et al., 2000; Augusto et al., 2002; Reich et al., 2005; Guckland et al., 2009; Holzwarth et al., 2011; Kasparinskis, 2012; Langenbruch et al., 2012) .
The results indicate that young ash can grow well in the highly heterogeneous soils in terms of nutrient and soil organic matter concentration, as well as soil reaction. On average, ash tree soils in Latvia can provide sufficient supply of nutrients for deciduous trees. However, deficiencies of N, P, Ca, Fe, or B were found for some study sites. Significant impact of soil group and forest type on the nutrient composition of soil below healthy young ash was observed.
Leaves. In general, the observed mean concentrations of most of the macronutrients in the ash leaves corresponded well with the mean concentrations reported for F. excelsior leaves in various countries: N > 2.00%, P > 0.15%, Ca > 1.50%, Mg > 0.35%, S > 0.23%, or could be characterized as limiting for K (reported K > 1.2%) (Niinements and Kull 2003; Hagen-Thorn et al., 2004 , Hofmeister et al., 2004 Veretennikov, 2006) . Among micronutrients, the found mean concentrations of Mn in young ash leaves for Zn, Cu, and B were about the same level or slightly low than previously reported (Hagen-Thorn et al., 2005) : Mn > 55, Zn > 19, Cu > 9, and B > 26 mg/kg. The differences in nutrient uptake might be due to a vast range of factors: regional variation, sampling time, soil conditions, e.g. formation of poorly soluble compounds in the neutral -slightly acid soil reaction, element antagonism, differences in mycorrhizal activity, and soil organic matter content, all of which influence the availability of nutrients in the soil and the uptake by plants. Unfortunately, in the scientific literature there are no reports on all 12 plant nutrients analysed in the same study site and time. Therefore, the comparison and interpretation of the results is complicated. On the other hand, the complex data obtained in this study on nutrient status of ash tree will be of great value for future studies.
In general, the results on chemical composition of ash leaves showed sufficient supply with most nutrients, excepting P, Zn, and K. Plant available K in soil usually does not form insoluble compounds, and therefore the low level in leaves might be due to insufficient or low plant available K levels in soil, element antagonism, or leaf age (sampling was conducted in August). Concentration of K in leaves decreases during vegetation season due to reutilization and retranslocation in plants (Marschner, 1995) . In slightly acid to neutral pH soils, typical for ash stands in Latvia, competition from Ca and Mg can seriously reduce uptake of K.
The reduced concentrations of P, Zn, as well as in some sites low levels of Cu, Fe and Mn, and B in leaves can be explained by formation of poorly soluble compounds in the neutral -slightly alkaline soil, element antagonism, as well as high content of organic matter in growing media. There were several significant negative correlations between the nutrient content in the soil and leaves, two of which have been already reported for ash in Latvia: Ca-Mn, Fe-Cu (Cekstere et al., 2013) . Neutral and alkaline soil reaction promotes oxidation of Mn +2 into Mn +4 , which is less available for plants (Bergmann, 1988) . In alkaline soil Mn can form anion complexes and complexes with organic ligands, which are available to plants (Polevoi, 1989) , but this is not sufficient for optimal tree uptake. As a result, the ash leaves in some sites contained only 20 mg·kg -1 Mn. It is well known that organic matter is a source of Zn in soil, and organic compounds can chelate inorganic sources of Zn increasing their availability for plant uptake (Szabo et al., 2008) . Therefore, Zn deficiency for plants is more characteristic in mineral soils with low organic content. An opposite phenomenon is typical for Cu uptake -copper is readily and tightly complexed by organic matter (Marschner, 1995) . Our results were not consistent with these results.
The decreased level of any essential nutrient can seriously disturb plant physiological processes. In general, Zn and Cu affect mechanisms responsible for plant tolerance and resistance to fungus and bacterial diseases (Marschner, 1995) . Studies have shown that fungal infection primarily takes place through the leaves of F. excelsior via ascospores (Timmermann et al., 2011) . Therefore, optimal supply with nutrients is very important factor in conditions of infection pressure and unfavourable environmental conditions.
There were few significant correlations between the element concentration in the soil and plants, as shown previously (Roper, 1992) . Studies in southern Swedish beech forests have shown that soil alone did not account for the major part of the variation in leaf nutrient concentrations (Alrikson and Eriksson, 1998) . Similar results were also demonstrated in our research. The exception was for B and Ca. Significant correlation between amount of Ca in soil and tree leaves was found both in the previous study on ash in Latvia (Cekstere et al., 2013) and on beech in Sweden (Balsberg-Påhlsson, 1989) . Leaf analyses provide an accurate picture of the nutrient status of ash in Latvia at a particular point in time resulting from all factors affecting plant growth. It should be stressed that soil testing is very important in detecting the character and reasons of nutrient deficiencies or toxicities in plants. Typically, Mo availability for plant uptake increases with soil pH. In our study, this phenomenon was confirmed by the positive correlation association between Ca, Mg content in soil, soil reaction and Mo content in ash leaves. The observed positive moderately close correlation between Ca-Mg in ash leaves, as well as in the soil was in a good agreement with the results on ash previously reported by Cekstere et al. (2013) in Latvia.
Ash in Aegopodiosa type forests grow on mineral soils, which have the lowest level of S in comparison with humus or mineral/humus soils. Thus indicates that on the one hand the amount of plant available S in mineral soil was sufficient for tree uptake, while on the other hand -there was stronger element antagonism in humus and mineral/humus soils, which decreased S uptake in ash leaves. There might also be significant impact of soil conditions like temperature, moisture, and drainage, which affect microbial dependent organic S conversion to plant available sulphates. As S is available for plant uptake as an anion, its antagonists are N and B, which can reduce S accumulation in leaves. It is not surprising that a significantly lower content of Cu in young ash leaves was found in Dryopteriosa type forests on organic soils. Cu has a strong affinity to soil organic matter compared with other divalent cations in the order of Cu > Ca > Zn > Mn > Mg (Mengel et al., 2001) . Although there were differences between the concentrations of Mo, Mg, and Zn in ash leaves collected in various phytosociological tree groups, ash leaves from all these groups had on average optimal supply with Mg and Mo, according to values reported by Nollendorfs (unpublished) and Bergmann (1988) .
In general, the results of our study demonstrated relatively sufficient nutrient levels in leaves of young ash growing on heterogeneous and not always nutrient-rich soils, indicating accumulation of nutrients in plants during the whole vegetation season, plant physiologically active impact on nutrient uptake processes, as well as a rapid nutrient cycling in the system "soil-plants". Studies on different tree species in UK showed that F. excelsior had more rapid and complete cycling of nutrients without accumulation in the litter layer than many other deciduous species (Mitchell et al., 2014) .
Based on the present work, it can be concluded that young ash in Latvia grows well on a wide range of site types in terms of soil composition, forest type and phytosociological tree group. Although highly heterogeneous, ash tree soils in Latvia can provide sufficient supply of nutrients for ash trees. Nutrient status of healthy young ash leaves can be characterised as sufficient, although low level of P, Zn, and K in leaves was found for the majority of sites. Significant impact of soil group and forest type was found on nutrient composition of ash soil, while leaf nutrient concentrations were more dependent on forest type and phytosociological tree group. The obtained results confirmed the ability of ash to accumulate nutrients within a certain range from soils of different fertility, organic matter content and soil reaction in Latvia. 
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